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Abstract 



PROBLEM TO BE SOLVED: To obtain a RNA capable of specifically binding to the trans activation factor 
protein Tat of HIV-1 in high affinity and useful for inhibiting the transcription of the HIV-1. 
SOLUTION: This RNA is a ribonucleic acid containing a nucleotide sequence expressed by a secondary 
structure of the formula (N<1a> and N<1b> are each plural pair nucleic acid bases capable of forming 
complementary base pairs; N<2a> and N<2a> , N<5a> and N<5b> , and further N<6a> and N<6b> are each 
one or more pairs of nucleic acid bases capable of forming one or more complementary base pairs; N<3> , N< 
4> are each independently one or two nucleic acid bases; N<7> is one to five nucleic acid bases; the solid 
lines are each a hydrogen bond between nucleic acid bases) (double strands, when N<7> does not exist). The 
RNA is obtained by mixing Tat protein with a RNA pool of 120 nucleotides nipped with two primers, filtering the 
mixture to recover the complex of the Tar protein with the RNA, eluting the RNA, synthesizing cDNA by a 
reverse transcription reaction, proliferating the cDNA by a PCR method, and repeating an operation for 
preparing the RNA by a transcription reaction in vitro 5-10 times. 
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[0 027 ]" Tat #>^B©WST (P) 
^FffiT (NP) r*g^T*^*S8«l,fc,, Ta t teJ: 
OH ft & If ? ^**<DfflJj«C SIR 0/cRNA7°-;K7) 

ll^ft (tRNA) <D??ftT~eiO0 MlO|g^Mfir^[50 
mM Tris-HCl (pH 7.5), 50 mM KCl]tt»"C<Din vltrojl 

[0 02 8] CH*fiW2) 5^ 1 1 G-3 1 RNAtt 30 
T a t ftf^y ^ F i»09iCS^f ^. T^-lstc 

att«c8HH ufcwatsr t a r r n Afcjfr&'r s©r 

(Weeks6, 1990; Ca1nan6>, 1991a), ^fWM^hU^X 
^CDS^iC^UrCQ (T 5 -^^37-72) fcJrffRE 
(T5^K49-86) FG>W;£*flBUft:. Cti^.© 

^7^pwt?KMo, #® mm. >959occtt&$ 

tIfflH PLC (Ccfc OfflSfl/Ziio 
[0 029]» ( 

^ Tat E&3fc^:7> F (CQSWJRE : 40 
M) W^OTAR RNACD-ffaTri^S^r ^ 

-7 (1 1G-31 RNAf) <D&1)\ Ta t ^:7> 
F^g^outTARii^t^J;5 CCSfetlfc 
(f^^rafflf^^ltt^j:^) „ 1 1G-3 1 
RNA (Ta t ^zf* FCCJffliSHOttSr»oRNA» 

f6»BTARtt^-742filfr5ft/hRNA U~ 
1 1 G-3 1 ; 3 7 Si*) *tt¥WtC^|#U ^(DV 



Qfc^REOS^^Mi^l 1G-31 RNA 

[0030]r^v- ^1 1G-3 1^^TA 
R RNA(30CQfeJ:yRE^^ FiCDJB^KWtt* 

COT^-fe-frtt, Si«l/fcRNA«r«^(D?fi|g(3r)CQ 

£>#^tt# y r * y s F^^zm^xm^ffitR n 

A*5j:^iSf!tORNA&^«tLfc ®3A#M) 0 Bf& 

JSb/c ftCDTAR RNAIt 56nMCQ^?F© 
??aETrS^50% (Dl/^tt^MMl/c (H3A- 
l#M> 0 ffe^T, ^1 1G-31 RNA{^ CQ^ 

SUc(i3A-3M) 0 RE^*F*«lv05l« 
<D#W*?T&oft:H3K ftCDTAR RNA&S23 nM RE 

FcD-T?ffiTri^5o% ©u-<;i>r^ff*JBjS;i/)t 

(03 A- 2#JS) 0 {fcfr, ^11G-31 RNA 

f&Ltc (13a-4#i) o cne»o*ss«, jiw^n 
[0031] '<)isi?mm<Dmm&&&m-?&tcisb, ^ 

m^ZUZ-l 1G-3 1 RNAfctel^TArt^gai 
*^<RNA4MU CQWyRE^F^fflt^ 
F77-fe^aoTC(DRNA0$S^M 
Lfc 0 CQ-^^KC0*iiftK:*5C*r«> (200 nM), » 
^»tt^<»J***itc3&»ofc (H3B-1#M) c 
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m&fc&Mf&Z tltc (IH3B-2#M) o Jt<DTAR 

C^mZ&MtDmmt—ZkO-C^fc (Churcher^, 19 
93)„ CfttbOmm&h, =-1 1G-3 ICCteWS^ 

^yiliiTa t^^^ F©KSfccc<tormgr&£J: 

[0032] *^#6CD«^©^^ TAR RN 10 

**t*BEWI», X©TAR RNA0T a t £<£>fe^t 

BTS. ^1 1G-31 RNAifcec^'OL'^gtao 
BUBfctt. Ta t >>^^SO^«:^tCJKJhL?Ca 3 
rtfrisUl^ifi— S4W: CRISTA R**- 7* 

v^u • a * u*»«5-r*o en 6 

Tao 6(1997)0«^0^^MCCJ:^*^ 

^A^a^^ocofficote*^ tarot;^ 

[0 03 3] CI6*6«3) Ta t^^FKStrSTA 
R*5<£0 + 5 - 1 1 G - 3 1 <Z>ffi*tKJ**ntt<Z)J:h«S€)T 
AR RNA^S-1 1G-31 R NA^i^7 <Z) 

«*»{CTa t F5cS^T5©^Snfc, # 

5C, #^iS§#6ttK<DTAR RNAfcctff^l 1 G 
-3 lRNA©afPtt*EB!J:t«TSfea?)ec»^*S^T 
*-W£*JfcLfco ftWMfcr^ir^-tecttfTAR R 
NA^l : KDlitCM^CO^J^kt (40—8,000 nM£>$5 40 
El) ©#ti7 7^7-fej:^TAR RNAiftK, 
80 nM (DRE^^ FOfiPfffr-f^a^- h b/c 0 

SSrM^*3o <, cri2Btr H 1¥Ml:3^, 20% 

(^1 1G-3 1 : TA R - 40 nM : 3,200 nM)£> 

t^ll^cU^ Cti6CDtS*tt. T^7-(5)RE^ 
y'FFlCZft&ffiffl&fiK JECDTAR RNAOSBtt 50 
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<£9 &80(SiKl> (Dl/2% ) & 0 C <t * 

AR RNASCttT&^frtb&l : 1 CD»£ N TAR- 

§fc«C*y<r>"C«, H I V - 1 ©T^¥->tC£^«*Sfc: 

Ktt, 16 pM *>640 nM CDr***eSE©T 
AR RNACCtt^TScfc^KSton^CChurcherfe, 1 
993; LongfcJ:C£Crothers, 1995) Q Tat^^^FCD^J 

Snter^^^HiTa t /T A RfBSfMI*** 

[0 034] rfTARiRNA*^7 
t*T a t F^<DmW&%m&Ltc 0 T a t -^'^ 

F t CWa*WttlS&CC*5W TARiRNA^e^ 

M*£*U ^-^WI*BBI»lyfc (H5#JR) o {frt* 
^c^l/c2o(D5' 3* t 'J 37- (2Qtt 

m ZT^-VisifTZZttcJ:*). ^1 1G-31 
RNA*«fftrSCt3»"C#ir*«RNA I £P 
3' AUCte^'S 1 RNA*y^«:r- 
-«;>^T^Cttcj;D, l^iRNA II ( 3 ' 
^SU^cfc^C^^Lz-ri^) %mMLtc 0 3' 

0, 3iRNA III (5' ^Vb^SUU^^b 
r^S) %mmOtc a 2$IRNA iv(^Jl/^^S<D 
Pf^«)^^jfeL/r(,^) 3' AUC 

Z^siRSr^lirCQ^^ F (40 i*D*IS£«««ttir 

3o a cn i^m^flBft ore ^jsm^m±^ vt&v & 

75 F^V±^#fb (0 6#M) , &^^#:©M*± 

(H^ilRNA I ) tt, 40 nM tDifiSfr&J80% ©U^ 
;l/"Ca^tf*»JS2U, $/c^^l 1G-3 1 RNAtt 
»<Hlyft:«©a^#*JBjai/fc. 3' ^^^^SU 
U <Zl*ilRNA II) (06, U->8) ^/ct*5' 
M^'Jl'^UC (H$JSRNA III) (06* U~ 
>10) OBUI»t3: % CQ^^FiOHIfCJgflESnsa^ 
ftcDM^^}50% St^S1±fco ^*il*(D/^l/^S(DW 
^■<E>3Ff*HIJI»rS (Z$IRNA IV) CQ^^f 

F<D#feT^l*^*tt*<JB«Sti«c*^*: (06, U 

^>4) . f?6n/c8», ai^flEtcfcws^^Ftc 

[0 035] [3Hfc«5D 

JlffillHJBBte^Ty-feYecfeWS ^^-1 1G-3 1 RNA 
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~ 1 1 G- 3 1 ) <DSs6m«riH^Sfc2?), #ffcl8#£«He 

7#M) □ i*Btt<Pjft<9TAR RNA (lOO pmole)<£> 
WftJtt, C MVfci*^S*B[oe**jft 50-60% EE* 
l/t (@7, b->3*?J:^4) (Yamamoto^, 199 
7) 0 100 pmole (Dt RNA (^Sfi*©^ t RNA) CD 
tttT<m7, U->1> Sfctt#fiET<B7. U~> 
2) > teJctflOO pmole <P5^ 1 1 G~3 1 RNA© 10 

*8*ft^Mjtl/fc£C3, TAR RNA©**s«*« 
ftSSSt^atlfcCiW^^jS^fc (H8 

AR R N ACC«Kr jKl^iHSFtt^T a t ROS 

$-1 1 G-3 1 RNAttTa tSSWfa^ilt 
[0036] 

in vitroiSe^S^il^^B&^ra^r, *56W#6tt 
HI V-lOTat ^>^^S(cKl»|l«ltt*fiFoRN 

1G-3 lft^fBLfco Ml 1G-3 
1 RNAM^^l 1G-3 miULtc 

RNA^-^gotfcl Ztlh<0*:*-7\Z.T7 30 
jJffllKbfco SOTAR RNA(i«?^PlftS©^ 
5, S^l 1G-31 RNAiJHIV-liSW 

[0 03 7] [TARW^M^ftTAR RNA 
CDI^MD DNA-&J&I6K (392AM, Applied Biosystem 
s, USA)ftffl^T, TT^O^^-iJAVHl^t 40 

r n Aitztmr SEJd**to* y ^f** ^ y * u 

FWSti-SrJKUfco r i^^77^v- 5'-gggttc 

CCTACTTTAGCCAGA^'CSB^JS^-S ) <Dffi±TX , Taq 
DNA^V^7-€ (Nippon Gene, Japan) 
»DNA*V^^U*? F^rMDNAiC^l 
/do SSlS^ 10 mM Tris-HCl (pH 8.8), 50 mM KC1, 
1.5 mM MgCV 0.0^ Triton X-100. 0.2 mM dNTPs, 100 
pmole <0y^-X^7-fv- 78 pmole® DN A* U 
df^L-**^ fe<J:^2.5 UMiOTaq DNA#9 

— 4f(Takara, Japan) ft^t?100M lCD^^**^^ 50 
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mote. c<DKmm£%*. mm<ov j xcimntmh 

ft5*-e, 94°c*ci#ibl 45°cn^HI, bearer 

2 »KI* 6 a & It J & MC&V tc 0 fH£>tl/cdsD NAi 

Sftx^-^rtfcJBS-e. T7 RNA^M7- 

-fef GC J: o JttTAR R N A £ tti*&&&mft 

TAR RNA**fefiSS-l*3te. in vitrotCfeCtSjg^ 

T7 Ampli scribe kit (Epicentre Technologies, US 
A) ft mi >tc 37'C r 2 NfH© > * ^ ^ S/ 3 > ©IHCCSE 

io% y r * y for s F^ft/B^fcw^utoft < p 

AGE) «C«fcr>rSJ£iS^«ft*jiBUte. xjry^fl: 

[003 8] C TAR RNAWO'^ 1 1 G~3 1 
RNAOT>??ffiTCCteW^in vitroK^T * -fe-O Ss^ 
U^KlJtfSTA R R N A ©*fflia«ft6CcS.ff^* 

ir-f h^Afp^-Yj^x (cmv) nrnmvm 

y'U^t— 3* — (immediate early promoter) ftffll^/c 
#26W#66S, «®!(DLTR*flc#lft(8^CcaaTTA 
R RNACD^S^ifffi-rS/c^^Sibr, imt 
OX CMV DNA^/Co #M8*j:/^-/^-[5'-TT 
AGTCATCCCTATTACCATGG-3 1 (1E?!J#^6 ) fc<£c£ 5'^GGC 
CT GG/X TTCACAGGACGGGTG- 3 ' (BEyU#-*f 7 )] ft /BUT , T 
aq DNA^^^^C^O, PCR (S4°C3^ 
Pal, 50°C 1.1#5\ :foJ:tf72"C3#R8 I 30*^X0 (C 
.fcot CMVftlJB^a^-*--^ (nt -238#>*E>36 
4)^ffit§L/c 0 #6nfcPCRSft (602 nt) ft.x#y 

32 P]CTRD#aT^s HeLa$fflfS^Wffi% (Promeqa, US 

a) ftflai^r*K^scs*sijStei/^ ^fiWfito^fflai 

^9. 3mMMqCl 2 , 0.4 mMCD^&ATP, GTP^cfcc>WP, *><fc 
0*16MM OTP, ^OTC10/iCi[a- 32 P]CTP (3,000 Ci/mmo 
le; Amersham, U.K.)£Mf8^[20 mMHEPES (pH 7.9). 1 
00 mM KCT 0.2 nrM EDTA, 0.5 mM DTTfe<£Z?20% # V -fe 
f;>] cp-ejg^L/s Ctl £100 pmole ©TAR RN 
A, S-l 1G-31 RNA. $/dilSfi*d4t 
RNA ( Boeh ringer Mannheim, Germany) i^t^L/, 30 

itXDimiDUA 100 nq^^U, ^^^^3^25 M 1 
<tU, 30°C-e^6$C457>^^>*^-<— >a>^m^ 
175 Ml<Df¥lh?gff£ CO. 3 M TriS-HCl (pH 7.4), 
0.3 MffiM~t h y^A, 0.5% SDS. 2 mM EDTA ^5<fc^>'3 
mq/ml CD t RNA] *8SftItyTSJ£ftf?ihS-&v 

- jv tpx?mm i a & m «csjck* w * c ^ ^ * ^ - n> 

A ft P ^ 7* >f (25 mM EDTA^oJ:^4.5 M JgS 

3R] *r90°Cr5^IB*ttS*. 7 M JS»ftSW"rS6% 

— i>T±"y (BAS 2000; Fuji Film, la 

pan)*JBt>TyA<±CMO Fft^fiL/c 0 
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[0039] C T a t ^ ^(O^fSM^Y^iy 

7F7^^) Tat **lsJ<#W<DTfo*r~>lCSMc 

jffiOfc. T&t^. CQ (T^ ^37—72, CFTTKALGI5 
YCR KKRRQfWPPQGSQTHCySL5KQCiB9US-^8 ) % 36Sffc) 
fe'ct^RE (T5 ^^49—86. RKKRRQRRRPPQGSQTHCVSLS 
KQPTSQSRGDPTGPKE (BB?'J#-^9) , 38S{$) V$>& a C 

nhco^^ F*HPLC6c<coflwio. an*^JB© 

f& a?ffiHPLCfCJ:0-?-ti6Offljffi%«ligLfco 
[0 04 0] CQ^?F*, 8 jtti 0*S^JKiS?g ClO 10 

mM Tris-HCl (pH 3.0), 70 mM NaCk 2 mM EDTA, 40 n 
MSf3ft3fe£t RNACBoehrinqeOfecfcCfO.OEUe Nonide 
t P-40 (Shell Chemicals, USA)]^r5' IIItTAR 

TAR RNA&94XTC 2 

£fflt,vr PAGEiCj: ^Tlt^*c:Siii<£>R N A £#81 

(DMgll'/c, 20 
[0 04 1] CTa t #>^#Rte<fcO*RNA:/Wl0 
*S5W*6*aHROft:«&CcfflC*j(fcH I V— 1 <DT at^ 
>^#KM\ RepliGenCUSA)*>6B»AL3tp MPttt, HeL 

COT a t ^>/N 0 ^ScDLTRftM4f^>XS^t^ 

ttft*^"TSCi^3ti3lto TARiCD^ 

0, ^W#6^ieiWHWtt»KKO (>9oso tSttT 

a t 30 
[0 04 2] 7'—)l>tp(DR NAii, ifte<Z)/c&<D 2 OCD 

T<D<£5&t$/v~Ct*fc (Ellington fccfcO'Szostak, 199 
2): 5'— GGG^GAAUUCCGACCACA^CUU--120N~CALRUG UGCG 
UCUACAUGGAUCCUCA— 3 ' <gS&l%& 1 0 ) 0 7'—)UDWM 
tCfBHtcZf? A '-7— te\ 5 ' - AGTAATACGACTCACTATAGGGAGA 
ATTCCCACCAGAAG-3 , (39.169ift;T5 ; BEFU#-^H) *5<£ 
^5 ' TGAGGATCCATGTAG^CKIAGA.TA-3 ' (24 .169 ; 

SWII^f*i L Tg?S t R N A ( Boehrinqer Mannheim) 40 

[0043] Cin vitraflBR] in vitrdllR<D/c^$:^ 
W#536*fiE^ft:^ hP-;^ Urvil6(1997)tCcfco 

5.0 /uMCS*^iSS) CDRNA (#J4 x 10 13 {g|OR 
NAI^JCCffi^-rS) *J«tCX0-5 uM Ta t 
(H I V — 1 ) Sr*ST5fi^*««*rSI3«l/7t. T 
a t ^>^^«i^-;I/RNA*S^T5«?«C, Sttlfc 

^v-^tnoR n a *m^wmm>^<fQrc 2 &ms&- s 
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f t^rfSfi V tc a ±ffild ESv $ tir C cfc 5 CC (Urvi 1 6 , 
1997) KJEfi^Wt 1 BSIB h 

<D?«B:*3»ft 0 . tft * «ci*tt*±tf fc#WKB9R N a 
(^ftRNA) fciO^MWMaftRNA (+18 
£+44 ^^CcD^ ^U^^ F^tfTAR RNA) <D# 
ftTreoif -/^^Sr^;l/RNASrTa t iOJS^R: 

NA&2hlCM<Dffi£i&RNA<Dmm&}7'~)l> CifflERS 
ftft::/— 4/ (12—18 N^-;K ft5%tDTa tfei^f&£# 
lT£)]£S!^£ii/c 0 l»02ty^t?tt, Tat£ 
>A^fKD4BK«r««CC<aTS#fc. ^^HffiKtt, so 

mM Tris-HCI (pH 7.8) fc^C^ 50 mM KC1 ipht£<r> TTt> 
tc 0 V*->V0 RNA£, "Pop-top":? — 
-(Nucleopore, USA)iC$|# L/t, ^>6^D^M6^/c 

— h n-t?;btt — xrtf^ -/ — (HAWP 7 w 

-\ 0.45/im, fig 13.0 mm; Millipore, USA)£rJBl>T 

iifR*9*-r^M^ Tat-RNA»&ft*7-/W-± 
(CHIAA:. 0.4 M i^^^ h'J^A, 5 mM EDTAfe XXJl M 

AMVit^^* (Seikaqaku, Japan) **<fctfTa 
q. DNA#Vy7^ (Nippon Gene)**n^nffll^ 

r. ^i5^J:L> J PCRtc^^ff*g^»cis^$n 

^-SJC^fCHaiO/cCUrvil^. 1997) 0 

[0 04 4] 3£&c, i0feJ:O'ii^-r 

^M^^fiPCR^P h (Leunq6, 1989)^>ti 

mote. Cti^CDV J&>l>~Cti:. cDNASJEH^gJ© 

10PCRSEg^5 [67 mMTris-HCl (pH 8.8). 16.6 
mM (NH,) 2 S0 4 , 6.1 mM MqCl 2 , 6-7 mM EDTA (pH 8.0), 
0.17 mq/ml BSA, 10 mM 0 -J h J — 1% 
CMSO, 0.2 mM dATP, -g-1 rMDdCVP, dGrPfe^O'cfTTP, 
0.5mMMnCl 2 , 5UCDTaq D N A & V J "y — -fe^J: 
^0.4 mMCD^&^^-rv-*^t?] ftWIl/Co KJSig 

Btt1f-r^^»^W, 94°Cei.l5^P H l 50°C^1.15»ffl 

<fc C/72 "C T 2 . ISJJIBI* 6 t5L Vtfflfr 4 ti> » fe 0 

T7 R N A ^ s 'i ^ 7 - -tf^ffi fc^fC5fe5 ^ t , C 

<dpcrk:j:-5«b (mo.25uq)^mtm)PCR<Dmm 

(^1.0 iup)iM^0/-c o 

[0 04 5 ] »U«9W-f ^©IS. PCR<Z)Mf??:In 
vi t roqen^C J: -o r Jlffi £ tl/c U h n tCfig o rlS 
pCRII-^£-(Invitroqen, USA)iCftSLy/c 0 T^^7 

»;»)BiS^CJ;or*^P->*6DNA*#lMlO fc Dye 

Terminator Sequencing Kit [Applied Biosys terns Inc. 
(ABI)] SfflUtDNA^-^X^- (373^M; ABI) 
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[0046] c^^ft-ts^rv-fe-n »tt*aR-y 

-(DM&m'&zmMT&Tctib, 0.5 MCi/mi [a- 32 p]cr 
Ffcfflc^rrtaWMisnfcRNA^iltttyfc., IS^teJ: 

£)*in vitro&^O^rfrtt, RNAOTat Ce#hr&^;l/ 
ttAl : 1 (330 nM:330 nM)£ LfcEl^HJ* j»f!«C/gt,> 

/c^ff t rsj c r & o fco urn (Dt&smffim&mi* * x v * 

&2000)&m^X? 4 )\,%~±<DMt&*/£Mlstc 0 ffi 10 

t R N A *#N#SW«^» t 0 X **&KJ£K:KJn L 

[0 04 7] [^l^? m*JS*r 5' tRS 

Mftft3~ 1 1 G-3 1 RNAfccfcOTAR RN A 
«:*t7ll : lO&Wtxm&hfc. #115^-1 1G- 
3 1 RNAWOTAR RN A&JB^TiSK*tBS! 
l/Wfe ^1 1G-31 RNA3tfTAR<D«*©J± 

(1 : 1^6 1 : 200 (OWsM) ?:iil/c (40 nM 5~ 

1 1G-31 tei^4O^8,O00nM*T^^K:it^:^SY* 20 
SOTAR RNA)„ ^ORNA^94 0 Cr'2 »|ffl^ 

y;l/*30*Cri2^K80 nM RE^ K£»&Sti\ 

DBjS«c*jW £ R N A - £ > ll^ft(0^t^^ t 

-f^i*. §RNA(10 —100 nM)^100nM F * 
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* OffftTtXOTA R ill^^fc 0 

[0048] (^1 1G-31 RNAZ*i(D^ 
f&l Tat4*^F (CQ) £(Dnmm^<Dtctb 



<Dl 1G-31 CdMTARfil^- *7<Z>5 

*T Stable. *V^V#z?u*?'F<D4^<Dm%:it¥ 

fflC&f&b. $-1 1G-31 R N A&£>jU— ^IS^J 
£SMfcl,fc«, 4ocDz:*ilRNA^iiML^ 0 
©K^JttWT<Dffi OtW: 5' R N A ^ y ri* ( 5 '-ACG 

MCCUUGAUCCCGAGAC-3 ' CSB^W^3) K 3' RNA^ 

(5 ' GIXUCGGUCGAUCGCUUCCU 3 ' (M&l^^r 1 
3)). 5* AUU R N A * 1/ =f ( 5 '-ACGAACCGAUCTC 
GAGAC-3 ' (IB5US#14) ) . 43cfcO*3' AUC RN 
At'j3 ( 5 " -GUCUCGGGVUCGCUUCGU-3 * dB9U#^ 1 

5) )„ C*i6<M-y ^©WIBStWfiStifc^P F^ 
[0 04 9] 

*»9IK:J:D. rav-i(DTat^>^^ecc 

[0 050] 

l2?'JOS^ : 5 9 
S«CD^ : 

:S3»K 



[0 05 1 ] 
K?U<DS2 : 3 7 



OGGUCUCUCU GGUUAGACCA GAUUUGAGGC UGGGAGCUCU CUGGCUAACU AGGGAACCC 59 

BB^'i : 

ACGAAGCUUG AUCCCGUUUG CCGGUCGAUC GCUUCGA 37 



[0052] w&fstn 

i^'JcDS^ : 2 0 



#^E{ig : 8. .9 
40 &&±lM : 13.. 14 

^iftRh^ r3'-CU-5'J *WTS 



ACGAAGCUUG AUCCCGAGAC 20 

[0 053] I2^'J#-^ : 4 
EEW<Dfi3 : 1 6 5 

ffi^J : 

GGGAGAAUUC CGACCAGAAG CUUCAUCCCG UUUGCCGGUC GAUCGCUGiJA UCUAUCGUUU 60 
AAACGAACCU GGAUGUUCCU GUCUUUGCUU UAUGCGUCGU GUUGACCCGA GACUGGGGAA 120 



f^u>>- : mm 
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27 28 
UUCUUIWUJU UCGUCUAGUC AUAUGUGCCU CUACAUCOUJ CCUCA 

C0054] K?tJ## : 5 * §f <d££ : — 



I2?fJCDS5 : 2 0 hxKPt?- : jgtf 

^tl©gs[:«» * E9U(Dflm : ttC!>«BK ^DNA 

CGGTTCCCTA GTTAOCCAGA 20 

[0 05 5] W$m^ : 6 *i*(Difc : — 

TTAGTCATCG CTATTACCAT CG 22 

[0056] E?IIS# : 7 *tt£>& : — *« 

EWCOSS : 2 4 F#n^- : 

AGGCCTGGAT TCACAGGACG GCTG 24 

[0 05 7] : 8 # F t?- : fiJtR 

le^josa : 3 6 SB?U©a® : F 

Cys Phe Thr Thr Lys Ala Leu Gly He Ser Tyr Gly Arq Lys Lys Arq 16 
Arq Gin Arg Arg Arq Pro Pro Gin Gly Ser Gin Thr His Gin Val Ser 32 
Leu Ser Lys Gin 36 
[0058] W&y&n : 9 ♦ r ^n^- : jgfflR 

IB^JOSS : 3 8 IB?fJ<DS® : ^rf^ K 

Arq Lys Lys Arg Arq Gin Arg Arq Arq Pro Pro Gin Gly Ser Gin Thr 16 

His Gin Val Ser Leu Ser Lys Gin Pro Thr Ser Gin Ser Arg Gly Asp 32 

Pro Thr Gly Pro Lys Glu 38 
[0 059 ] MB^(J#^ : 1 0 * IB^jGDSffi r ttXDmM i^J&RNA 

mm<D&$ : 1 6 9 rnmvmm : 

WSftcm : mt nmZSk^mn : unsure 

: — *« ffffifdffle : 24 . . 143 

GGGAGAAUUC CGACCAGAAG CUUNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 60 
NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 120 
NNNNNNNNNN NNNNNNNNNN NNNCAUAUGU GCGUCUACAU GGAUCCUCA 169 

[0 060] £$HH» : 1 1 40*ifCDi* : — 

: 3 9 r#P^ : ftfflR 

wmm:m& * ss*j<d«s : ^dna 

agtaatacga ctcactatag CGAGAATTCC GACCAGAAG 39 
[0 06 1] IS5»J#^ : 1 2 *ffi<ZMR : —*$S 

: 2 4 F#nt?- : fiiSi* 

IB^J : 

TGAGGATCCA TGTAGACGCA CATA 24 

[0 062] K?tt#^ : 1 3 50 Se?nj<Dg3 : 2 0 
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GUCUCGGUCC AUCCQJUCGU 
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[0063] mm 

iffi^UCDSS : 1 8 



^ : 14 



IM : 

ACGAAGCGAU CCCGAGAC 
[0064] ie?(J»# : 1 5 
: 1 8 

ie?fJ(DM : «n» : 

&&1 : 

GUCUCCCGAU CGCUUCGU 
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TAR RNA L<DWL 

&fo(DBf& 0 m&simmz. 5' ^s^iiftRNA a 

5,000 cpm) feJ:t75, m 20, 40, 60, 80^ felt 100 nM 

©Tat Efcl*^:/^ K*S/i/Ctr*fc. 20% # 

^RNA^^il/h. ( A - 1 ) TAR RNA 
fcJ:VCQ^F; (A-2) TAR RNAfcitf 
RE^7^F; (A-3) ^1 1G-3 1 RNAto 
WCQ^F; (A- 4) ^1 1G-3 1 RN 

t)^5^1 1G-3 1 RNA(Cfclit^;I/^gH4^ 
< RNA, tT a t fem^y* F (CQWRE) <D 
m<D&£fa<D&!$h (B-l) ^11G-31 RN 

F; (B-2) 5-11G-31 RNAOCfc^TrOl, 
^1^<RNAW^RE^> F, 

im4) n&m&r viz j (om& 0 5 • ^maut 5 - 
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(SO nM)<b30°Cr*12ffifrta3S^5#/c»^CDffl^ 
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1. Title of Invention 
RNA having high affinity to Tat protein of HiV 



2. C la ins 

(1) A ribonucleic acid that is capable of binding to a trans- 
activation protein of human immunodef iciency virus and which comprises 
the nucleotide sequence represented by the following second structure 
CO: 

N 7 

N fa — N e " 
C — G 

U 

C — G 
U — A 

A — U (O 
G — C 

N 1 
U 

N M — N** 
G — C 
5 ' _ n« — n 1 " — 3' 



wherein N" and N" are at least 2 pairs of nucleic acid bases capable 
of complementary base pairing, H" and N 2b are at least l pair of 
nucleic acid bases capable of complementary base pairing, N' and N 4 are 
each independently 1 or 2 nucleic acid base(s), N 5J and N** are at 
least 1 pair of nucleic acid bases capable of complementary base 
pairing, N°* and N 6 ' are at least 1 pair of nucleic acid bases capable 
of comolenentary base pairing. N' is 0-5 nucleic acid base(s), when N' 
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is absent, the ribonucleic acid is duplex md N 81 and N 5b are at least 
2 pair of nucleic acid bases capable of complementary base pairing, and 
the bold lines represent hydrogen bonds between the nucleic acid bises, 

(2) The ribonucleic acid of claim 1 which is capable of binding to a 
trans-activation protein of human iimunodef iciency virus with higher 
affinity, compared to a natural occurring trans-activating response 
region ribonucleic acid consisting of the nucleotide sequence 
represented by the following second structure (II): 
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wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 
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(3) The ribonucleic acid of claia 1 or 2 which is capable of binding to 
a. trans-activation protein of human in»unodef iciency virus with higher 
specificity, compared to a natural occurring trans-activating response 
region ribonucleic acid consisting of the nucleotide sequence 
represented by the following second structure (ID; 
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(II) 



wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 
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(4) The ribonucleic acid of claim 1 which comprises the nucleotide 
sequence represented by the following second structure (III): 

U U G 
U C 
G-C 
C-G 
C-Gu 

c-gc 

U- A 

0 g"-c «"> 

U C-G 

G-C 

A-U 

A-U 

G-C 

C-G 
5 ,A A 3 . 

wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 

(5) The ribonucleic acid of claim 1 which conprises the duplex 
nucleotide sequence represented by the following second structure (IV): 

3' 5' 
C-G 

A-U 

G-C 

A-U 

G-C 

C-G 

C-Gu 

C-GC 
U-A 

A-U / ru> 

uG-c 

UC-G 

G-C 

A-U 

A-U 

G-C 

C-G 

A-U 
5' 3' 



wherein the bold lines represent hydrogen bonds between the nucleic acid 
bases. 
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(ft) The ribonucleic acid of claim 1 which consists of the nucleotide 
sequence represented by the following second structure (V): 



wherein the bold tines represent hydrogen bonds between the nucleic acid 
bases. 

(7) A pharmaceutical composition couprising the ribonucleic acid of 
claim 1. 

(8) The pharmaceutical composition of claim 7 for inhibiting the 
transcription of human inmunodef iciency virus. 

i 

(9) The pharmaceutical composition of claim 7 which is used as an anti- 
virus agent against human imnunodef iciency virus. 




U £J 
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(10) The pharmaceutical coaposition of claim 7 for diagnosing a disease 
associated with human immunodeficiency virus. 



(11) The pharmaceutical composition of claim 7 for preventing and/or 
treating a disease associated with human immunodeficiency virus. 

(12) A aethod for inhibiting the transcription of human imminodef iciency 
virus by using the ribonucleic acid of claim 1. 

(13) The aethod of claim 12, which comprises introducing the ribonucleic 
acid of claim 1 into a cell containing human immunodef iciency virus. 
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3. Detailed Explanation of the invention 

Ctt*G>fiE*S) 

The expression of genes encoded by human immunodeficiency virus type-1 
(HIV-l) is regulated by the interaction of cellular factors and a viral 
trans-activator protein, Tat, with specific regulatory elements in the 
long terminal repeat (LTR) of HIV-i (Gaynor, 1992). The HIV-l regulatory 
protein Tat hinds to one of the regulatory elements in the LTR region, 
which is called the trans-activating response region, TAR, (Rosen et 
al., 1985; Dayton et al.„ 1986; Fisher et ah, 1986). This region is 
located immediately downstream from the site of initiation of 
transcription at the 5* end of all the viral transcripts (Berkhout et 
ah, 1989). It is an RNA elenent consisting of 59 nucleotides (nt). 
which is the nini&al motif that is sufficient for formation of a stable- 
hairpin structure that allows binding of Tat in vivo (Rosen et ah, 
1985; Feng and Holland, 1988; Jakobovits et al., 1988), Tat effectively 
stimulates transcription after its binding to TAR RNA (Cullen, 1986; 
Peter line et aL. 1986; Rice and Mathews, 1988). Deletion studies of 
TAR RNA revealed that so-called buige residues are obligatory both for 
the specific binding to Tat and for trans-activation, whereas loop 
sequences are necessary for trans-activation but are not essential for 
the binding of Tat in vivo (Feng and Holland, 1988; Berkhout and Jeang, 
1989; Dingwell et al. . 1989; Cordingly et ah. 1990; Roy et al., 1990; 
Weeks et al. , 1990). 

Tat is a small cysteine-rich nuclear protein consisting 
of 86 amino acids. It has two major domains, a cysteine-r ich region and 
highly basic region (Arya et al., 1985; Sodroski et al., 1985). The 
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cysteine-rich region is essential for the function of this protein 
(Garcia et aL, 1988; Kubota et aL, 1988) and it has a metal-binding 
domain that probably mediates the metal-linked dimerizaticn of Tat 
(Frankel et aL, 1988). The basic region is responsible for the specific 
binding to TAR RNA (Weeks et aL, I960), as well as for nuclear 
localization (Dang and Lee, 1989; Bndo et aL, L989). Tat belongs to a 
family of RNA-binding proteins that contain arginine-rich motifs for 
recognition of the respective cognate RNAs (Lazinski et aL, 1989). A 
short peptide containing an arginine-rich region binds to TAR RNA with 
specificity similar to that of the intact protein (Weeks et aL, 1990; 
Calnan et aL, 1991a). The tat gene product not only plays a key role 
in the trans-activation of HIV-1 genes but also has a variety of 
effects on the growth and metabolism of the host cells (Bnsoli et aL » 
1990, 1993). Moreover, Tat is now known to be important for the 
efficient reverse transcription of HIV-1 (Harrish et al. , 1997). 

Despite several studies on the stimulation by Tat of the 
trans-activation of expression of the HIV genome, the precise molecular 
mechanism by which it operates remains obscure. The rates of viral aRNA 
and protein synthesis induced by Tat in mammalian ceils were estimated 
to be iOO-fold higher than control rates dauber and Cullen. 1988). It 
has been reported that Tat functions as an ant i- terminator, an 
elongation factor in transcription and an enhancer of the initiation of 
transcription (for reviews, see Vaishav and Wong-Staal, 1991; Cullen, 
1992; Jeang et aL, 1993). Even though the exact function of Tat remains 
controversial, the emerging consensus appears to be that Tat functions 
as a promoter-specific elongation factor that modifies the transcription 
complex upon binding to TAR RNA. Several early studies showed that, for 
the stimulation of transcription by Tat, both cellular transcription 
factors and the integrity of the TAR RNA sequences are essential (for 
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reviews, see Gaynor, 1992; Jones and Peterlin, 1994). However, the order 
of assembly of components of the transcription complex was not known 
until recently, it was unknown initially whether Tat binds to the 
transcription factors first and then hinds to the TAR RNA or whether Tat 
binds initially to the TAR RNA with subsequent binding of transcription 
factors. Garcia-Martinez et al. (1997) suggested that Tat protein might 
associate with RNA polymerase II in the preinitiation complex and then 
the complexed Tat binds to TAR RNA. while stalled RNA polymerase 11 is 
passing through the TAR RNA, 

A conformational change in TAR RNA upon binding of Tat 
is among the most intriguing of RNA-protein interactions. The 
conformational switch was clearly observed by circular dichroism (CD) 
and NMR studies (Tan and Frankel, 1992; Puglisi et al., 1992; Aboul-ela 
et ah, 1995, 1996). A similar change in conformation of TAR RNA was 
achieved not only with Tat peptides but also by arginine alone. However, 
no conformational change was observed either with lysine or with 
variants of TAR that can no longer bind Tat. Tat-derived peptides and 
honopolymers of arginine that bind specifically to TAR RNA t as well as a 
peptide containing a central single arginine residue, were sufficient 
to reproduce wild-type trans-activation in studies designed to 
delineate the role of arginine (Calnan et al., 1991a, b). Further NMR 
studies on the TAR-arginine complex suggested that TAR has a specific 
binding site for arginine (Puglisi et ah, 1992). Arginine appeares to 
induce a structure where in a critical residue, U23, in a triple-base 
bulge makes a Hoogsteen interaction with an A»U base pair in the 
adjacent stem. This model was supported by replacing the U»A»U bonding 
in TAR by the is amorphous OG«C bonding (Puglisi et ah. 1993). Recent 
modification and mutagenesis experiments also support the model in 
which a Hoogsteen interaction is critical for the structure of TAR (Tao 
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et al. t 1997). Despite the discrepancy between results of NMR studies of 
TAR RNA from two different laboratories with respect to the formation 
of the base triple (as distinct from base pair), the general consensus 
on the structure of TAR RNA is in agreement about the approximate 
location of the bulge U in the Raj or groove and the orientation of the 
functional groups in the TAR RNA. 

Since the Tat protein has various functions in the life 
cycle of HIV-1, as well as in viral proliferation, it is an important 
and attractive target in efforts to develop weapons against HIV. Several 
genetic strategies have been tested, in the past, in attempts to 
repress the proliferation of HIV. Trans-dominant proteins, single-chain 
antibodies, antisense molecules, ribozymes, decoys (for review, see Yu 
et aL, 1994) and use of the LTR of HIV to produce inducible and toxic 
gene products have all been tested in cells that were infected by HIV 
(Harrison et al., 1992). Combinations of these strategies (for example, 
a rlbo2yme and a decoy) have also been examined (Yuyama et aL, X994; 
Yamada et al., 1996). Although the expression and regulation of such 
therapeutic noiecuies might be possible in vivo, their constitutive 
expression could lead to cellular toxicity or to an immune response by 
the host against the engineered cells. This problem is especially 
significant in the case of toxins and suicide genes. Among various RNA- 
based strategies against HIV infection, the decoy strategy has a 
potential advantage over the use of other RNA inhibitors, soch as short 
antisense RNAs and ribozynes, because the generation of escape mutants 
might be less frequent: alterations in Tat or Rev (HlV-1 protein) that 
prevent binding to a decoy would also prevent binding to native elements 
(such as RRB, the Rev-responsive element, and TAR sequences). Both RRE 
and TAR RNAs have been exploited as decoys and, in cell cultures, these 
decoys inhibited the replication of HIV by 80X to 97* (Graham and Maio, 
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1990; Sullenger et al., 1990; Lisziewicz et al., 1993). 

Although decoys might act as ouch wore efficient 
inhibitors (with possible Ki values in the sub-nanomolar range) than 
other molecules, such as antisense RNAs and ribozymes, decoys night 
potentially be toxic to cells if they were to sequester cellular 
factors, in particular when the decoy RNA happens to include regions 
that can Interact with cellular proteins. Several previous studies have 
shown that cellular factors, such as TRP-185 (Wu-Bear et al, • 1995), 
Tat-SFl (Zhou and Sharp, 1996), polymerase 11 (Wu-Bear et al., 1995, 
1996) and others (Sheline et al., 1991; Rounseville and Kumar, 1992; 
Gatignol et al. , 1991) bind efficiently to TAR RNA, Despite these 
studies, the effects of TAR RNA on the cellular machinery of the host 
cells have not been analyzed in detail either in vitro or in vivo, £ tc 
„ cn&CD^&CDTAR RNA J: 0 HlV-1 ©Tat 9 > 9 & 

t5cic«au i-S-^^o *-tt*>S* TSS<z> 
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**W*HTO*Jfc««r J:0*#W«cttW+**<, *»W©IBBttCft£<Dlt 
(**« 1 ) 

isolation of an RNA aptamer with high affinity for Tat protein (SI 1 ) 
TAR RNA of HIV-1 binds to several cellular factors in the cell. In view 
of its inhibitory effects on the transcription of unrelated genes* as 
observed above, authentic TAR RNA might not be the most suitable 
antagonist and specific inhibitor of Tat. In order to isolate an RNA 
motif that binds to Tat specifically and with high affinity, we 
exploited a strategy for genetic selection in vitro using a pool of 
RNAs with a large random core sequence of 120 nt (120 N). 

In the first selection cycle, about 10' * RNA sequences 
were allowed to bind to the HIV-1 Tat protein at a molar ratio of 
protein to RMA of 1:10 in the binding buffer. In subsequent cycles, 
molar ratios of Tat and RNAs [the 120 N pool, specific competitors 
(either TAR RNA or selected pool RNA with a random core region of 12-18 
nt having about 5% binding ability to Tat) and a non-specific 
competitor, tRNA] were manipulated in order to increase the stringency 
of selection (Table 1). After each set of two cycles of selection, the 
RNA pool vras analyzed in a filter-binding assay for binding to Tat, As 
the cycles progressed. levels of specific RNA aptamers that bound to 
Tat increased in the pool from 1* to 9%. Since the 10 14 variants in the 
120 N pool could not encompass the entire range of possibilities (10 7 *) 
variants, mutagenic PCR was introduced after the ninth cycle to increase 
the diversity of functional molecules. However, with the introduction 
of mutagenic PCR. the number of binding species was reduced in the 
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pool, probably as a number of the mutation of critical residues and. 
therefore, we cloned products from both the ninth and the eleventh 
cycle for the analysis of sequences. 

In alt, we sequenced 37 clones fro» the ninth and the 
eleventh cycles and divided the sequences from the eleventh cycle into 
four classes. Two major classes of sequences (two representative 
sequences, 11G-22 and liC-31 t are shown in Pig, 2) were derived from the 
eleventh cycle RNA pool, as compared to the ninth cycle, in which many 
sequences were unrelated. When these RNA sequences were folded by the 
Mulfold program (Zuker, 1989), 15 clones, representing about 40% of the 
population in the pool had a TAR-like motif (containing all core 
elements) in their randomized region. However, some of the clones has 
two TAR-like motifs, for example, 11G-31 (Fig, 2). Combinatorial 
analysis of TAR core elements predicts that at least one sequence should 
be found in every 2.16 x 10 s nucleotides (Ferfaeyre et aL, 1997). 
Despite such a low probability of distribution of TAR core elements, we 
were able to isolate TAR-like elements from the random pool, and even a 
double-TAR element, probably because selective pressure was maintained 
during the entire selection procedure. Although the predominant selected 
aptaraers that belonged to the two major classes contained two bulge 
residues (UC or UU), as opposed to three in the TAR of HIY-i, 
mutational analysis has revealed that at least two bulge residues are 
necessary for recognition of Tat (Weeks and Crothers, 1991). Moreover, 
TAR RNA of HlV-2 also contains two (UU or UA in two TAR motifs) bulge 
residues that allow efficient binding to the HiV-l Tat peptide (Chang: 
and Jeang. 1992). A similar selection procedure, using an RNA pool with 
a 30 nt random core, resulted in isolation of other structural forms 
(Tuerk and MacDougal -Waugh. 1993). In this case, selection might have 
been hampered by the short random-core region over the fixed sequences 
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(for ampl if i cations). 
Table 1. 



Table 1. Concentrations of RNA and protein used and the ability of the 
RNA pool to bind to Tat after each selection cycle. 



Cycle 


Concentration of 






Binding ability 3 
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pool RNA 


tRNA 


RNA* 


NP 
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0.50 


s.o 
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0.50 


1.5 
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0.50 


1.5 
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0.5O 


3.0 


10 


10 
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4 
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0.5O 


1.5 


40 
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6 


0.5O 


5.0 


50 


10 
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5 


7 


0.50 


3.0 


50 


7 


0 


6 


8 


0.50 


5.0 


50 


14 


0 


7 


9 


0.5O 


5.0 


50 


14 


0 


9 


10 


0.33 


5.0 


50 


14 


0 


7 


11 


0.17 


2.5 


25 


7 


0 


9 



a. The binding assays were performed either in the presence (P) or 
absence (NP) of Tat protein. Both Tat and individually labeled RNA 
pools from different cycles were incubated together and then filtered 
under similar conditions to those used during selection in vitro in the 
presence of a 10-fold excess a non-specific competitor (tRNA) in 100- 
1*1 binding buffer [50 mM Trls-HCI (pH 7,5), 50 mM KCQ. # Specific 
RNA competitor (see Experimental Procedures) 
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Mini 11G-3I RNA binds efficiently to Tat-derived peptides 
Since a short peptide that contains an arginine-rich region binds to TAR 
RNA with specificity similar to that of the intact protein (Weeks et 
aL. 1990; Calnan et ah, 1991a), we used both the CQ (amino acids 37- 
72) and RE (amino acids 49-86) peptides in further studies. These 
peptides were synthesized chemically and purified to homogeneity (>95X 
purity) by reverse-phase HPLC. 

Initially* a representative clone from each ciass was 
subjected to a competitive binding assay in the presence of a Tat- 
derived peptide (CQ or RE; see Experimental Procedures) and authentic 
TAR RNA. Only RNA motifs with two TAR-like motifs, such as 1 16*31 RNA, 
appeared to compete with TAR for bind to the Tat peptides (data not 
shown). In order to locate the binding region in the 11C-31 RNA (one of 
the RNAs with high affinity for the Tat peptides), we chemically 
synthesi2ed a minimal RNA (mini 11G-31; 37 ner) that had two TAR-like • 
motifs and analyzed its binding to Tat peptides on native gels. Both CQ 
and RE peptides efficiently bound to mini 110-31 RNA (Pig. 3, A and B). 

To compare the binding affinities of the apt amen mini 
HG-31* and TAR RNA to the CQ and RE peptides, we performed binding 
assay in which labeled RNAs were incubated with various concentrations 
of CQ or RS peptide, with subsequent separation of complexed and free 
RNA on a 20% non-denaturing polyacrylanide gel (Fig. 3A). The amount of 
each complex formed was calculated directly from the intensities of 
bands on the gel. Authentic TAR RNA formed a complex at a level of about 
50% in the presence of 56 nM CQ peptide (Pig. 3A-1), whereas mini tlG- 
31 RNA efficiently formed the same amount of complex even at 14 nM CQ 
peptide (Fig. 3A-3). When we performed a similar analysis using RS 
peptide* authentic TAR RNA formed a complex at a level of about 50% in 
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the presence of 23 nM RE peptide (Fig. 3A-2), whereas mini ilG-31 RNA 
formed the same amount of complex even at 3 nM RE peptide (Fig. 3A-4). 
These results suggest that the selected aptamer had higher affinity for 
the Tat peptides. 

In order to evaluate the importance of bulge residues* 
we synthesized an RNA that lacked the bulge residues in mini UG-31 RNA 
and analyzed its binding in gel -shift assays with the CQ and RB 
peptides. No complex was formed even at a high concentration (200 nM) 
of CQ peptide (Fig. 3B-1). However, a small amount of complex was 
formed at high concentrations (>80 nM) of the RB peptide (Fig. 3B-2). A 
similar experiment was performed with authentic TAR RNA. as well as 
with the bulge mutant RNA. to examine binding to the RE and CQ peptides 
and we observed that the CQ peptide efficiently distinguished the bulge 
variant, as compared to the R8 peptide, a result consistent with 
previous observations (Churcher et ai., 1993). From these studies it 
appears that the bulge residues in mini ltG-31 are important for the 
recognition of Tat peptides. 

Our various studies indicated that core elements of TAR 
RNA were well conserved in the isolated aptamers that belonged to the 
two predominant classes, suggesting the importance of the conserved 
residues. The sequences of the selected RNAs, sequences containing 
either a single or a double TAR motif, confirm the details of all the 
core elements that were previously Identified as being required for 
binding of authentic TAR RNA to Tat. Deletion of bulge residues from 
mini 11G-31 RNA completely abolished the binding of Tat peptides. In 
addition, the bulge U residue was found in the single and the double 
TAR motif. This motif probably forms a Hoogsteen base pair with A-U 
(Watson-Crick paired) residues to form a base-triple U«A»u* as proposed 
for complexes of arginine or the Tat peptide and TAR RNA. Taken 
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together, the recent mutational results of Tao et al. (1997) and our 
present results suggest that the arginine-binding motif of TAR can be 
summari2ed as 5' UXnGA, where the U residue is predicted to nake a 
Hoogsteen interaction with the A residue, Xn indicates at least one 
unpaired nucleotide and the C residue forms a pocket for binding of 
arginine. 



Comparison of the relative affinities of TAR and mint 11G-31 for the Tat 
peptide 

When authentic TAR RNA and mini 11G-31 RNA were titrated with various 
amounts of Tat peptides, the aptamer was observed to bind efficiently to 
the Tat peptides. We next performed competitive binding assays to 
compare the affinities of authentic TAR RNA and mini UG-31 RNA 
directly. The Labeied aptamer and TAR RNA were incubated at a ratio of 
1 : 1 with unlabeled aptamer and TAR RNA at various molar ratios 
(ranging from 40-8.000 nM) in the presence of 80 nM RE peptide. The 
reaction mixture was allowed to equilibrate at 30°C for 12 hr and 
resolved on a 20% non-denaturing polyacrylaanide gel. The amount of 
complex formed by the aptamer with the RE peptide was calculated for 
various ratios and we found that the amount of the aptamer-peptide 
complex fell by 50* when the molar ratio was one to eighty (mini 11G-31 
: TAR - 40 nM : 3,200 nM). These results suggested that the affinity for 
the RE peptide of the aptamer might be about 80 times higher affinity 
(Dl/2- 3. 2^M) than that of authentic TAR RNA (Fig. 4). By contrast, 
no TAR-peptide complex was detected when the molar ratio of non-labeled 
aptamer to non-labeled TAR RNA was 1 : 1. In earlier studies, peptides 
derived from the arginine-ri ch region of HiV-1 appeared to bind to 
authentic TAR RNA at concentrations between 16 pM to 40 nM (Churcher et 
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al., 1993: Long and Crothers, 1995). Both results of titration of Tat 
peptide and of the competitive binding assays suggest that the isolated 
aptaaer not only interfered with Tat/TAR interactions but also 
efficiently trapped Tat peptides at sub-nanomolar concentrations. This 
property is clearly desirable for an efficient decoy of viral proteins. 

tnnm 4 ] 

The double TAR-like RNA motif has enhanced affinity for the Tat peptide. 

In order to define clearly the importance of the double TAR-like motif 
in the efficient binding to Tat peptides, we separated the two strands 
and deleted the loop sequences (Fig. 5). Duplex RNA 1, that could mimic 
mini UC-31 RNA, was prepared by annealing two chemically synthesized 5' 
and 3' RNA oligomers, (20 tners). Duplex RNA II (with a deletion of the 
3' -bulge residues U and C) was prepared by annealing 3' AUC and the 5' 
RNA oligomers. Duplex RNA III (with a deletion of the 5* -bulge residues 
UU) was prepared by annealing the 3* and 5* AUU oligomers. To prepare 
duplex RNA IV (with deletion of both pairs of bulge residues) both 3* 
AUC and 5* AUU oligomers were annealed. After labeling of the 5' -end 
of the oligomer in each duplex, we equilibrated the CQ peptide (40 nM) 
with each duplex in binding buffer for 30 for 1 h. The products were 
resolved on a non-denaturing polyacrylamide gel (Fig. 6) and the amount 
of each complex was calculated as mentioned above. The duplex structure 
that contained both bulges (duplex RNA I) formed a complex at a level of 
about 80* at 40 nM (Fig. 6, lane 12) and mini 11G-31 RNA formed a 
similar amount of complex. Deletion of either the 3* -end bulge residues 
UU (in duplex RNA If); (Fig. 6, lane 8) or the 5' -end bulge residues UC 
(duplex RNA III): (Fig. 6, lane 10) reduced by about 50% the amount of 
complex formed with the CQ peptide. After deletion of both pairs of 
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bulge residues in the duplex (duplex RNA IV) no complex was formed in 
the presence of the CQ peptide (Fig, 6, lane 4). The results obtained 
suggest that the ratio of aptaner to peptide in the complex was one to 
one and that both pairs of bulge residues did indeed play important 
roles in the efficient binding to the CQ peptide, 

tnmm 5 3 

The effects of mini UG-31 RNA in a cell-free transcription assay 
In order to examine the effect of the isolated aptamer (mini UG-31) on 
transcription of unrelated tenplates, we performed transcription assays 
in extracts of HeLa cell nuclei (Fig, 7). Addition of exogenous 
authentic TAR RNA (100 pmole) inhibited the transcription of the CMV- 
derived template by about 50-60X (Fig. 7, lanes 3 and 4)(Yamamoto et 
at, 1997). Transcription from the CMV promoter in the absence (Fig. 7, 
lane 1) or in the presence of 100 pmole of tRNA (total tRNA from yeast); 
(Fig. 7, lane 2), and in the presence of 100 pisole of mini UG-31 RNA 
(Fig. 7, lane 5) was unaffected or only marginally affected. 
Quantification of the results of three independent transcription 
experiments revealed that only TAR RNA inhibited transcription to a 
significant extent (Fig. 8). Thus, the isolated aptamer bound to Tat 
peptides with high affinity as compared to authentic TAR RNA and it had 
no negative effect on the transcription of unrelated genes,, as judged 
from the results of transcription in vitro. Therefore, it seems that 
mini UG-31 RNA might be very useful as a Tat-speciflc decoy. 



Conclusion 



Using a strategy of genetic selection in vitro, we isolated an RNA 
aptamer, 11G-3L with high affinity to the Tat protein of HIV-l. Both 
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full-length HG-31 RNA and mini 11C-31 appeared to bind to the Tat 
peptides with a similar efficiency. The isolated aptamer had two TAR- 
like RNA motifs opposite one another which were found to assist in the 
high-affinity binding of the aptamer to Tat peptides. The absence of 
inhibitory effects on transcription by the aptamer, as compared to the 
inhibition by authentic TAR RNA, makes the mini liG-31 RNA an attractive 
molecule for further analysis as a potential Tat decoy in infections by 
HIV-1. 

[Preparation of TAR and mutant TAR RNAs] 
01 igodeoxyribonucleotide templates containing the 77 promoter and 
sequences that corresponded to the RNAs shown in Pigure 1 were 
synthesized with a DNA synthesizer (node! 392A; Applied Biosystems, USA) 
. In the presence of the reverse primer 5' -GGGTTCCCTAGTTAGCCAGA-3' (£$U 
fr?*5), single-stranded DNA oligonucleotides were converted to double- 
stranded DNA by Taq DNA polymerase (Nippon Gene, Japan). Each reaction 
was carried out in a 100- ju 1 mixture that contained 10 mM Tris-HCl (pH 
8.8), 50 fiM KCL 1.5 mM MgCla, 0. 1% Triton X-100, 0. 2 mM dNTPs, 100 
praole of reverse primer, 78 pmole of DNA oligonucleotide and 2.5 units 
of Taq DNA polymerase (Takara, Japan). The reaction mixture was 
subjected to cycles of B4X for 1 min, 45°C for 1 min and 6B°C for 2 
nin, until a product of the desired size was obtained. The resulting 
dsDNA template was precipitated in ethanoi and transcribed by T7 RNA 
polymerase to generate TAR RNA or a mutant TAR RNA. Transcription in 
vitro was completed during incubations at S7°C for 2 hours using a T7 
Ampliscribe kit (Epicentre Technologies, USA). After the synthesis of 
RNAs and treatment with DNase I, reaction mixtures were fractionated by 
electrophoresis on a 10* denaturing polyacry lamide gel (PAGE). RNAs were 
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extracted and recovered from the gel after ethanol precipitation. 



(Transcription assays in vitro in the presence of TAR RNA and mini UG- 
3i RNA) 

In order to investigate the effects of TAR RNA on the cellular machinery 
at the transcriptional level, we used the cytomegalovirus (CMV) 
immediate early promoter that either contained or lacked enhancer 
elements. We chose CMV DNA as the template, as an example, for 
evaluation of the effect of TAR RNA on the I TR- independent transcription 
of a template. The CMV early-promo ter region (from nt -238 to 364) was 
amplified by Taa DNA polymerase with specific primers [5* - 
TTAGTC ATCG CTATTACC ATGG-3' G£?U#-$f 6 ) and 5' -ACCCCT GGATTCACAGGACGGGTG- 
3* (K?»J##7 )] by PCR l94°C for 3 rain, 50°C for 1.15 min, and 12*C for 
3 Bin; 30 cycles]. The resulting product of PCR (602 nt) was recovered 
by ethanol precipitation and used in the transcription assay. The 
transcription reaction was carried out with an extract of HeLa cell 
nuclei (Promega, USA) in the presence of [ a- 12 P]CTP. Initially, 13 
units of the nuclear extract, 3 mM MgCh, 0. 4 mM each ATP, GTP and UTP 
and 18 CTP plus 10 xtCi [a- 32 P]CTP (3,000 Ci/ramole; Amershm U.K.) 
were combined in buffer [20 mM HBPBS (pH 7.9), 100 mU KC1. 0. 2 mM 
BDTA, 0.5 mM DTT and 20% glycerol], nixed with 100 pmoie of TAR RNA, of 
mini 11G-31 RNA or of total tRNA from yeast (Boehringer Mannheim, 
Germany) and allowed to equilibrate for 15 win at 30^. This reaction 
mixture was supplemented with 100 ng of template DNA for PCR to give a 
final reaction volume of 25/zl and incubation was continued at 30^ for 
a further 45 min. The reaction was terminated by addition of 175 #1 of 
stop solution [0.3 M Tris-HCl (pH 7.4), 0. 3 M sodium acetate, SDS, 
2 mM EDTA and 3 me/ml of tRNA] and the products were extracted once 
with phenol and chloroform before precipitation in ethanol. The newly 
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synthesized RNAs were denatured in loading buffer (25 mU EDTA and 4.5 
M urea) at 90t for 5 min» loaded on a polyacrylamide gel that 
contained 7 M urea and fractionated by electrophoresis. Bands on the 
gel were quantitated with an image analyzer (BAS 2000; Fuji Film, Japan) 

» 

(Synthesis of Tat-derived peptides and gel-shift assays) 
Two Tat-derived peptides that spanned the arginine-r ich region of Tat 
protein were synthesized chemically: CQ (amino acids 37-72, 
CFTTKALCISYGR KKRRQRRRPPQCSQT«QYSLSKQ(ie^J*^ 8 ), 36 mer); and RE 
(amino acids 49-86, RKKRRQRRRPPQG$QTHOVSLSKQPTSQSRCDPTGPKECir:?l*^ 9 X 
38 mer). These peptides were purified by HPLC and their compositions 
were confirmed* after hydrolysis, by reverse-phase KPLC. 

C8 peptide was titrated against 5' -labeled TAR or a 
variant in an 8- # 1 binding reaction [10 mM Tris-HCl (pH 8. 0) T 70 mM 
NaCl. 2 mM EDTA, 40 nM total tRNA from yeast (Boehringer) and 0, 01% 
Nonidet P-40 (Shell Chemicals, USA)]. Initially, each labeled TAR RNA 
was denatured at 94°C for 2 stln and allowed to equilibrate at room 
temperature for 13 min before mixing with various concentrations of the 
peptide. The mixtures were incubated at 30°C for 1 h and the complex and 
free RNAs were separated by PAGE on a 15* non-denaturing gel. The 
amount of each complex on the gel was quantitated with the image 
analyzer. 

(Tat protein and the RNA pool) 
The Tat protein of HlV-1 that we used for selections was purchased from 
RepliGen (USA). Initially this Tat protein was tested for LTR-dependent 
trans-activation in a cell-free transcription assay with a HeLa nuclear 
extract and it was demonstrated that the preparation efficiently 
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supported trans-activation. The preparation was also analyzed for 
efficient binding to TAR. Proa its properties, we reasoned that the 
preparation contained active Tat protein of high purity (>90!O. 

The RNAs in the pool contained 120 nt (N) random core 
region that was Hanked by two constant regions for amplification, as 
follows (Ellington and Szostafc (1992)): 5> --GGGAGAAUUCCGACCAGAAGCUU-- 
120N— CAUAUG UGCG UCU ACAUGGAUCCUCA — 3' (KF*J#^ 1 0). The primers used 
for amplification of the pool were 5' -ACTAATACGACTCACTATAGGGAGAATTCCGACC 
AGAAG-3* (designated 39.169, K^J*^ 1 1) and 5' -TG AGGATCCATGTAGACGCAC 
ATA- 3* (designated 24.169, 1 2X In the selection cycles, 

yeast tRNA (Boehringer Mannheim) was used as a non-specific competitor. 

(Selection in vitro] 
The protocol that we followed for selection in vitro resembled that 
reported by Urvil et ah (1997), The first cycle of selection was 
carried out in binding buffer that contained (final 
concentration) RNA (representing approximately 4 x 10" RNA sequences) 
and 0.5 //M Tat protein (HIV-i). Before mixing of Tat protein and pool 
RNAs, initially, the RNAs in the pool were denatured in binding buffer 
at 90°C for 2 min and allowed to cool at room temperature for 10 min to 
facilitate the equilibration of different conforners* The reaction 
mixture was incubated for 1 h and filtered as described elsewhere (Urvil 
et al. t 1997). After each of the next five cycles, concentrations of 
pool RNAs were manipulated and RNAs were allowed to compete for binding 
to Tat in the presence of increasing concentrations of both non-specific 
RNA (B. colt tRNA) and specific competitor RNA (TAR RNA containing nts 
H8 through +44) up to the sixth cycle. From the seventh to the eleventh 
cycle, the pool RNAs were allowed to compete additionally with another 
specific pool of competitor RNAs [a selected pool (12-18 N pool, with 
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Tat-binding ability of about 5J0L For the last two cycles, the 
concentration of Tat protein was reduced significantly. The binding 
buffer consisted of 50 mM Tris-HCI (pH 7.8) and 50 mM KCt. Pool 0 RNA 
was pre-filtered through a prewetfced nitrocellulose acetate filter (HAWP 
filter, 0.45 jum, 13.0 rare diameter; Miliipore, USA) in a "Pop-top" 
filter holder (Nucleopore, USA) to select against RNAs that bound 
selectively to the filter. This pre-f i I tering was performed after each 
additional cycle. The Tat-RNA complexes were collected on a filter 
after each cycle of selection by washing with 1 ml of binding buffer. 
Bound RNAs were eiuted from filters with 0,4 M sodium acetate, 5 mM EDTA 
and 7 M urea (pH 5.5) at 9QX, over the course of 5 min. After ethanol 
precipitation, reverse transcription and amplification by PCR were 
performed with AMV reverse transcriptase (Seikagaku, Japan) and Taq DNA 
polymerase (Nippon Gene), respectively, as described elsewhere (Urvil et 
al., 1997). 

In addition, a mutagenic PCR protocol (Leung et al., 
1989) was also employed during the ninth, tenth and eleventh cycles. In 
these cycles, half of the cDNA reaction mixture was amplified as 
described above, while the remaining half was amplified in LOO^l of a 
reaction mixture for PCR that contained 67 mM Tris-HCI (pH 8.8). 16.6 
mM (MM)* SO,, 6.1 mM MgCl 2 , 6. 7 mM EDTA CpH 8,0), 0.17 mg/ml BSA, 10 
mM £-mercaptoethanol, IX DMSO. 0.2 nil dATP, 1 mM each of dCTP, dGTP 
and dTTP, 0.5 mM MnCU, 5 U of Taq DMA polymerase and 0.4 mil of each 
primer. The reaction mixture was cycled at 94^ for 1.15 nin, at 50X: 
for 1.15 min and at 72°C for 2.15 min for as many cycles as were needed 
to produce a band of a product of the appropriate size. The product from 
this PCR (ca. 0.25 #g) was combined with the product of the standard 
PCR (ca. 1.0 #g) prior to transcription with T7 RNA polymerase. 

After the eleventh cycle of selection, the product of 
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PGR was ligated directly into the pCRII vector (Invttrogen, USA) in 
accordance with the protocol provided by Invitrogen. DMA was isolated 
from individual clones by the alkal inelysis method and sequenced with a 
Dye Terminator Sequencing Kit [Applied Biosystems inc. (AB1)] on a DNA 
sequencer (model 373A; ABI). 

CFilter Binding Assay) 
For evaluation of the binding activities of pool RNAs from different 
selection cycles, as well as those of individual aptamers. internally 
labeled RNAs were prepared using 0.5 #Ci/ml [#- 32 P]CTP. Conditions for 
binding and transcription in vitro were similar to those used for 
selection except that the molar ratio of RNA to Tat was 1:1 (330 nM : 
330 nIO. The filters were washed with 1 ml of binding buffer, air- 
dried, and radioactivity on filters was quantitated with the image 
analyzer (BAS2000). To ensure that the binding was specific, we added a 
ten-fold molar excess of tRNA as a nonspecific competitor to each 
binding reaction. 

(Gel-shift competitive binding assay] 
The 5' -end labeled mini 11G-31 RNA and TAR RNA were nixed initially at a 
molar ratio of one to one. Various ratios of TAR to mini 11G-31 RNA, 
ranging from 1:1 to 1:200, were prepared after adjustment of 
concentrations with non-labeled mini 11C-31 and TAR RNA (40 nM mini 11G- 
31 and increasing concentrations of TAR RNA, from 40-8,000 nM). Both 
RNAs were denatured at 94°C for 2 min and then allowed to equilibrate 
at ambient temperature. The RNA samples were then allowed to bind to 80 
nM RE peptide at 30*C for 12 h, to allow quantitation of the RNA- 
protein complex at the equilibrium point. The reaction products were 
separated on a non-denaturing gel and the amounts of complexes formed 
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by the two RNAs were analyzed. 

To characterize the individual aptamers from the 
eleventh selection cycle, we performed similar competitive binding 
assays, in which individual RNAs (10-100 nM) were allowed to compete 
with authentic TAR in the presence of 100 nM CQ peptide. 

(Synthesis of mini 11G-31 RNA duplexes) 

In order to establish the importance of double TAR-like motif of 11G-31 
for efficient binding to the Tat-derived peptide (CQ), four strands of 
oligor ibonucleotides were chemically synthesized to prepare four duplex 
RNAs after deleting the loop sequences from minillG-31 RNA and their 
sequences are as follows: 5' SUA oligo (5' -ACGAAGCUUGAUCCCGAGAC-3' (E3&J 
#-^3) ). 3* RNA oligo <5' -CUCUCGCUCGAUCCCUUCGU-3' (E^*-?- 1 3 ) X 5' 
AUU RNA oligo (5-ACGAAGCGAUCCCGAGAC-3* (ffi^l*^ 1 4 ) ), 3' AUC RNA 
oligo (5* -GUCUCGGGAUCGCUUCGU-3* ( R^J#^ 1 5 ) ). These oligo' s 
functional groups were deprotected by established protocols CAB I manual) 
and purified on a 20% polyacry iamide gel, 
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K?J#^ : 1 
E5lJOS$ : 5 9 

: 

GGGUCUCUCU GGUUAGACCA CAIIUUGAGCC UGCGAGCUCli CUGGCUAACU AGGGAACCC 59 

mn^m : 2 

EJIJOS^ : 3 7 

ACGAAGCUUG AUCCCGUUUG CCGGUCGAUC GCUUCGA 37 

E9fl*^ : 3 
KMOSS : 2 0 

K^KDM : mm 

K3»j£>«£ : £-{£RNA 
#3Effi» : 8. . 9 
U=?Efii:aS : 13.. 14 
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-#«URNA r3'-CU-5'j 

E?>J : 

ACGAACCUUG AUCCCGAGAC 20 



K?|J©SS : 1 6 5 

mmom ■. mm 

«t©» : 

h >!? P i> - : jgai^ 

: ffe®«K cafifcRNA 

E^J : 

GGCAGAAUUC CGACCAGAAG CUUGAUCCCG UUUGCCGGUC GAUCGCUGUA UGUAUCGUUU 60 
AAACGAACCU GGAUGUUCCU GUCUUUGCUU UAUGCGUCGU GUUGACCCGA GACUGGGGAA 120 
UUCUUUAAUU UCGUGUAGUC AUAUGUGCGU CUACAUGGAU CCUCA 

E?'J*^ : 5 
E?'J®g$ : 2 0 

Eyij©M : mm 

h ^ n i> - : eatffc 
E5'J : 

GGGTTCCCTA GTTAGCCAGA 20 



E?ijGDg£ : 2 2 
K?fJfi02l : tftft 
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TTAGTCATCG CTATTACCAT CG 22 



: 2 4 

AGGCCTGGAT TCACAGGACG CGTG 24 



K*J©ftS : 3 6 
R?lJ©a : T 5 /» 
r- ifl D y - : ft*** 

enowi : "cr*- k 

Cys Phe Thr Thr Lys Ala Leu Gly (le 
Arg Gin Arg Ar2 Are Pro Pro Gin Gly 
Leu Ser Lys Gin 



Ser Tyr Gly Arg Lys Lys Arg 16 
Ser Gin Thr His Gin Va.1 Ser 32 

36 



: 9 

ae?>j<ogs : 3 8 
wmam -.rum 
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Arg Lys Lys Arg Arg Cln Arg Arg Arg Pro Pro Gin Gly Ser Gin Thr 16 
His Gin Yal Ser Leu Ser Lys Cln Pro Thr Ser Gin Ser Arg Gly Asp 32 
Pro Thr Gly Pro Lys Glu 38 

mm&^ : i o 

EMORS : 1 6 9 

mmcom mm 

^IK^^f f£^* : unsure 
: 24. . 143 

GGGAGAAUUC CGACCAGAAG CUUNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 60 
NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN 120 
NNNNNNNNNN NNNNNNNNNN NNNCAUAUGU GCGUCUACAU GGAUCCUCA 169 

E3*J#-f : 1 I 
K7y<Dft£ : 3 9 

AGTAATACGA CTCACTATAG GGAGAATTCC GACCAGAAG 39 



E5»J#-^ : 1 2 
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8£^|4>S£ ■: 2 4 

: 

TCACCATCCA TCTAGACGCA CATA oa 



K^J#-^ : 1 3 

K?»I<Z>SS : 2 0 

JEW® 32 : St» 
: -rfcjd 

EW : 

GUCUCCCUCG AUCGCUUCGU 

E^J*^ : 1 4 
E^J<OS$ : 1 8 

ACGAAGCGAU CCCGAGAC 



ae?ij#-§- : 1 5 

Se^JCDS^ : I 8 



mm^ i i - 
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mom. : -*« 

GUCUCGGGAU CGCUUCGU 18 
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4. Brief Explanation of the Drawings 

Figure 1. Scheme for genetic selection in vitro. 

Figure 2. Representative sequences and secondary structures from each 
class of RNAs. 

Figure 3. A, Formation of complex between Tat-derived peptides (CQ and 
RE) and TAR RNA or mini 110-31 RNA. Binding reactions contained 5' -end 
labeled RNA (15,000 cpm) and 5, 10, 20, 40, 60, 80, or 100 nM Tat- 
derived peptide. Complexes were separated from unbound RNAs by 
electrophoresis on 20% non-denaturing polyacryl amide gels. (A-l) TAR 
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RNA and CQ peptide; CA-2) TAR RNA and RE peptide; (A-3) mini 11G-31 RNA 
and CQ peptide; (A-4) mini 11G-3! RNA and RE peptide. B. Formation of 
complex between a bulge deletion variant, an RNA lacking the bulge 
residues in mini 11G-31 RMA. and Tat-derived peptides (CQ and RB). (B-l) 
The RNA lacking the bulge residues in mini 11G-31 RNA and the CQ 
peptide; (B-2) the RNA lacking the bulge residues in mini 11G-31 RMA 
and the RE peptide. 

Figure 4. The result of competitive binding assay. Formation of a 
complex when a mixture of 5' -end labeled mini 11C-31 RNA (20,000 cpm), 
unlabeled mint 11G-31 RNA (40 nM), and unlabeled authentic TAR RNA at 
various concentrations (40 to 8,000 nM) was allowed to bind with the RB 
peptide (80 nM) at 30 °C for 12 h. The mixture was fractionated on a 
non-denaturing gel as mentioned the legend to Figure 3. 

Figure 5. Synthetic mini I1G-31 RNA duplexes. Bases deleted from duplex 
mini 11G-31 RNAs are indicated by boxes. 

Figure 6. Formation of complex between the Tat-derived peptide CQ and 
duplex RNA 1 (mini 11G-3I), duplex RNA It, duplex RNA III, or duplex RNA 
IV. Reaction mixtures contained either a duplex strand or RNA (one 
labeled RNA, usually the 5* -end- labeled oligomer and unlabeled second 
strand) alone or in the presence of 40 nM CQ peptide. Complexes were 
separated from unbound RNAs by electrophoresis on a 20% non-denaturing 
polyacrylamide gel. 3* AUC RNA aligo alone (lane I) or in the presence 
of CQ peptide (40 nM) (lane 2); duplex RNA IV either alone (lane 3) or 
in the presence of CQ (lane 4): 3* RNA oligo either alone (lane 5) or in 
the presence of CQ (lane 6): duplex RNA III either alone (lane 7) or in 
the presence of CQ (lane 8): duplex RNA If either alone (lane 9) or in 
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the presence of CQ (lane 10); duplex RNA leither alone (lane 11) or in 
the presence of CQ (lane 12), Large and small arrow heads indicate 
duplex RNA and CQ peptide complex and duplex RNAs, respectively. 

Figure 7. Inhibition of transcription fron a CMV early promoter-driven 
template by mini ilG-31 and authentic TAR RNA in an extract of HeLa 
nuclei. The template containing the early promoter of CMV was 
transcribed in the absence (lane 1) and in the presence (lanes 3 and 4) 
of 100 pinole of TAR RNA, in the presence of 1O0 praole of tRNA (total 
tRNA from yeast; lane 2), or in the presence of 100 pmote of mini 11G- 
31. Single-stranded DNA markers were loaded in lane M. The newly 
synthesized transcript is indicated by an arrow. 

Figure 8. The relative level of transcript (364 nt) synthesized in vitro 
was quant itated in three independent experiments (experimental 
variations are indicated by error bars). 
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1. Abstract 

A ribonucleic acid that is capable of binding to a trans- 
activation protein of human immunodeficiency virus and which comprises 
the nucleotide sequence represented by the following second structure 
CO: 

N 

N" — N" 
C — G 



N Si — N st 



U 



N 1 
U 



C — G 

U — A 

A — U 

G — C 

N 5 '- N 5 " 
G — C 



(I) 



5' — N 1a — N 1h — 3' 

wherein N' 1 and N lb are at least 2 pairs of nucleic acid bases, N 2 * and 
N :o are at least 1 pair of nucleic acid bases, N 3 and N* are each 
independently 1 or 2 nucleic acid base(s), N" and N SI> are at least 1 
pair of nucleic acid bases, N" and N' 0 are at least 1 pair of nucleic 
acid bases, N T is 0-5 nucleic acid base(s), and the bold lines 
represent hydrogen bonds between the nucleic acid bases. Use of the 
ribonucleic acid. 



2. Representative Drawing 
None 



